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GLIIHUHQWVROXELOLW\RIDOXPLQXPDQGFRSSHUDQGDEVRUSWLRQOHDGLQJWRFRPSOH[ZHOGSRROVKDSHVDQGWKHIRUPDWLRQ
RIEULWWOHLQWHUPHWDOOLFSKDVHV,PSURYHGSURFHVVVWUDWHJLHVKDYHEHHQLQYHVWLJDWHGE\Standfuss>@DQGStritt>@
7KHDLPRIWKLVSDSHULVWRHYDOXDWHWKHVWUXFWXUDOEHKDYLRURI$O&XMRLQWVZLWKUHVSHFWWRZHOGLQJGLVWRUWLRQVDQG
UHVLGXDOVWUHVVHV1XPHULFDOVLPXODWLRQSURYLGHVLQIRUPDWLRQDERXWWKHGLPHQVLRQDOVWDELOLW\RIWKHVWUXFWXUDOSDUWV
DIWHUZHOGLQJ%HLQJDEOHWRSUHGLFWWKHGHIRUPDWLRQUHVSRQVHDQGWDNLQJVXLWDEOHFRXQWHUPHDVXUHVLQWRDFFRXQWFDQ
OHDGWROHVVVFUDSZKLOHPDQXIDFWXULQJ
+HUH ZH LQWURGXFH D VLPXODWLRQ PHWKRGRORJ\ EDVHG RQ WKH )LQLWH(OHPHQW0HWKRG )(0 DQG H[SHULPHQWDO
LQYHVWLJDWLRQV WR HYDOXDWH WKH VWUXFWXUDO EHKDYLRU RI ODVHU EHDPZHOGHG$O&X MRLQWV 7KH MRLQWV FRQVLVWV RI SXUH
DOXPLQXP $O DQG SXUH FRSSHU &X(73 )RU WKH )(0 VLPXODWLRQV WKH FRPPHUFLDO VRIWZDUH SDFNDJH
$%$486LVXVHG:HOGLQJWHVWVRQKRPRJHQHRXVVKHHWPHWDOVSHFLPHQVDQGKHWHURJHQHRXV$O&XRYHUODSMRLQWV
IRUP WKH H[SHULPHQWDO GDWDEDVH RI WKH QXPHULFDO VWXGLHV$W ILUVW WKHPDWHULDO PRGHOV RI WKH KRPRJHQHRXV EDVH
PDWHULDOV DUHYDOLGDWHGE\PHDQVRI GLVWRUWLRQ DQG UHVLGXDO VWUHVVPHDVXUHPHQWVRQ$ODQG&X(73 VDPSOHV
1H[W D WHFKQLTXH WR GHULYH HIIHFWLYH PDWHULDO SURSHUWLHV IRU WKH KHWHURJHQHRXV GLVVLPLODU PDWHULDOV MRLQWV DUH
SUHVHQWHG ,Q WKH IUDPHZRUN RI &RPSXWDWLRQDO :HOGLQJ 0HFKDQLFV WKH HIIHFWLYH QXPHULFDO PRGHOV RI WKH
KHWHURJHQHRXV$O&XRYHUODSMRLQWVDUHYDOLGDWHGE\VXEVHTXHQWZHOGLQJH[SHULPHQWV
([SHULPHQWDO6HWXS
7RYDOLGDWHWKH)LQLWH(OHPHQW)(PRGHOVRIWKHWKHUPRPHFKDQLFDODQDO\]HVZHOGLQJH[SHULPHQWVDUHFDUULHG
RXWRQVKHHWPHWDOVSHFLPHQVIRUERWKWKHKRPRJHQHRXVDQGKHWHURJHQHRXVPDWHULDOV7KHWHVWEHQFKVHWXSIRUWKH
KRPRJHQHRXVEDVHPDWHULDOPRGHOVFDQEHVHHQLQ)LJ:HOGLQJGLVWRUWLRQVDQGWHPSHUDWXUHFXUYHVDUHPHDVXUHG
YLD GLVSODFHPHQW WUDQVGXFHUV DQG WKHUPRFRXSOHV ,Q FDVH RI WKH $O&X RYHUODS MRLQWV ZHOGLQJ GLVWRUWLRQV DUH
GHWHUPLQHGRSWLFDOO\EDVHGRQVWRFKDVWLFDOO\GLVWULEXWHGJUH\YDOXHSDWWHUQVRQWKHWRSVLGHRIWKHVSHFLPHQV)LJ

)LJ7HVWEHQFKVHWXSIRUWKHYDOLGDWLRQRIWKHEDVHPDWHULDOPRGHOVDH[SHULPHQWDOVHWXSRIHJ&X(73EDVHPDWHULDOZHOGLQJH[SHULPHQWV
EVFKHPDWLFLOOXVWUDWLRQVXSSRUWRIVKHHWPHWDOVSHFLPHQVIRUEDVHPDWHULDOV

)LJ7HVWEHQFKVHWXSIRU$O&XRYHUODSMRLQWVDSRVLWLRQVRIWKHUPRFRXSOHPHDVXUHPHQWEDSSOLHGVWRFKDVWLFDOO\GLVWULEXWHGSDWWHUQIRU
RSWLFDOPHDVXUHPHQWRIZHOGLQJGLVWRUWLRQVFVFKHPHSRVLWLRQRIWKHUPRFRXSOHIRU$O&XRYHUODSMRLQWFRQILJXUDWLRQ
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)RU ODVHUEHDPZHOGLQJDGLVN ODVHU LVXVHGZLWKDZDYHOHQJWKRIȜ QP'LIIHUHQWZHOGVHDP OHQJWKVDUH
SURGXFHGKDYLQJDWRWDOOHQJWKIURPPPWRPPDWGLIIHUHQWIRFDOGLDPHWHUVGI$VXPPDU\RIWKHH[SHULPHQWDO
ZHOGLQJSDUDPHWHUVIRUWKHEDVHPDWHULDOVDQGRYHUODSMRLQWVLVVKRZQLQ7DE
7DEOH6XPPDU\RIZHOGLQJSDUDPHWHUVIRUZHOGLQJH[SHULPHQWVRI$O&X(73DQG$O&XRYHUODSMRLQWV
PDWHULDO SRZHU ZHOGLQJVSHHG IRFDOGLDPHWHU ZHOGVHDPOHQJWK VKLHOGLQJJDV
 P v GI l  
 (homogeneous material, sheet metal specimens)
$O : PPLQ P PP $U
&X(73 : PPLQ P PP $U
723 %27720 (heterogeneous material connections, Al-Cu overlap joint sheet metal specimens) 
$O &X(73 : PPLQ P PP QRQH
$O &X(73 : PPLQ P PP QRQH
)LQLWH(OHPHQW0RGHOLQJRIWKH/DVHU%HDP:HOGLQJ3URFHVV
3.1. Governing Equations and Constitutive Modeling  
7R SUHGLFW UHVLGXDO VWUHVVHV DQG ZHOGLQJ GLVWRUWLRQV DFFXUDWHO\ LQIRUPDWLRQ DERXW WKH WHPSHUDWXUH ILHOG
GLVWULEXWLRQZLWKLQWKHKHDWDIIHFWHG]RQHLVFUXFLDO)RUVWUXFWXUDODQDO\VLVVHTXHQWLDOO\FRXSOHGWKHUPRPHFKDQLFDO
)LQLWH(OHPHQWDQDO\]HVDUHSHUIRUPHG7KHH[DFWSK\VLFDOPRGHOLQJRI WKHZHOGLQJSURFHVV LV VWLOO DFKDOOHQJLQJ
WDVNGXHWRKLJKO\QRQOLQHDUFRXSOLQJVRIGLIIHUHQWSK\VLFDOGRPDLQVWKXVWKHFRPSOH[IOXLGG\QDPLFSURFHVVHVDUH
RIWHQ VLPSOLILHG E\ D KHDW FRQGXFWLRQ SUREOHP (T ZLWKT EHLQJ WKH WHPSHUDWXUH DQG WHPSHUDWXUH GHSHQGHQW
PDWHULDOSURSHUWLHVIRUGHQVLW\ȡKHDWFDSDFLW\cDQGWKHUPDOFRQGXFWLYLW\kq/LVWKHODWHQWKHDWGXHWRVROLGOLTXLG
SKDVHWUDQVIRUPDWLRQDQGq$SSWKHQHWKHDWLQSXWRIWKHKHDWVRXUFHPRGHOV
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
+HDW VRXUFHV DUHXVHG WRPRGHO WKHKHDW LQSXW IRU ODVHUEHDPZHOGLQJ'HILQHG LQ(T DQG WKHYROXPWHULF
SRZHUGLVWULEXWLRQRIWKHGRXEOHHOOLSVRLGDODQGFRQLFDOKHDWVRXUFHFDQEHVHHQDFFRUGLQJWRGoldak>@:KHUHa
bcIcUrNRNDQGzDUHDVHWRIJHRPHWULFDOSDUDPHWHUVfDQGfff UHSUHVHQWWKHHQHUJ\GLVWULEXWLRQWRWKH
IURQW DQG UHDU VHFWLRQRI WKHGRXEOH HOOLSVRLG DQGP/GHQRWHV WKH QRUPDO GLVWULEXWHG HIIHFWLYH ODVHUSRZHU7KHVH
PRGHOVDUHVXSHULPSRVHGPXOWLSOHWLPHVIRUWKHWHPSHUDWXUHILHOGDQDO\VLVRIWKH$O&XRYHUODSMRLQWV)LJ

)LJ+HDWVRXUFHPRGHOVDGRXEOHHOOLSVRLGDODQGFRQLFDOKHDWVRXUFHPRGHOLQDFFRUGDQFHWR*ROGDN>@DSSOLHGIRUWHPSHUDWXUHILHOG
UHFRQVWUXFWLRQEKHDWVRXUFHPRGHOFRPELQDWLRQIRUEDVHPDWHULDOVHJ$OFPXOWLSOHKHDWVRXUFHVXSHUSRVLWLRQIRURYHUODSMRLQWV
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)RU WKH PHFKDQLFDO DQDO\VLV WKH JRYHUQLQJ HTXDWLRQ LV JLYHQ E\ WKH PRPHQWXP EDODQFH 1HJOHFWLQJ LQWHUWLD
IRUFHV WKLV OHDGV WR WKH IRUPXODWLRQ LQ(T ZLWKı EHLQJ WKH&DXFK\ VWUHVV WHQVRU DQG WKH ERG\ IRUFHVb 7KH
FRQVWLWXWLYH HTXDWLRQ LQFRUSRUDWHV DQ LQFUHPHQWDOO\ IRUPXODWHG LVRWURSLF HODVWRSODVWLF PDWHULDO PRGHO 7KH WRWDO
LQFUHPHQWDOVWUDLQFRQVLVWVRIDQHODVWLFSODVWLFDQGWKHUPDOSDUW(T(IIHFWVRIWKHUPDOGLODWLRQDUHLQFOXGHGLQWR
WKHFRQVWLWXWLYHHTXDWLRQ(TZLWKGCEHLQJWKH-DFRELDQPDWUL[ĮWK WKHUPDOH[SDQVLRQFRHIILFLHQWI WKHXQLW\
WHQVRUDQGT5HIDUHIHUHQFHWHPSHUDWXUH8VLQJYRQ0LVHVJSODVWLFLW\(TZLWKDQDVVRFLDWHGIORZUXOHLHWKH
SODVWLFVWUDLQVHYROYHLQQRUPDOGLUHFWLRQWRWKH0LVHV\LHOGVXUIDFHDQGLVRWURSLFKDUGHQLQJWKHIORZUXOHFDQEH
ZULWWHQ(T:LWKı)EHLQJWKHWHPSHUDWXUHGHSHQGHQW\LHOGVWUHQJWKߪതDQG݀ߝҧ௣௟EHLQJWKH0LVHVHTXLYDOHQWVWUHVV
DQGSODVWLFVWUDLQSWKHGHYLDWRULFVWUHVVWHQVRUDQG݃ ൌ ݀ߪത ݀ߝҧ୮୪Τ WKHWDQJHQWKDUGHQLQJPRGXOXVVHH(TDQG
ߘ ή ࣌ ൅ ߩ࢈ ൌ ૙  
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
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
ߪത ൌ ඥ͵ܬଶ ൌ ට
ଷ
ଶ
ࡿǣ ࡿ ݀ߝҧ௣௟ ൌ ටଶ
ଷ
݀ࢿ௣௟ǣ ݀ࢿ௣௟  
݀ࢿ௣௟ ൌ ݀ߣ డ௙ሺ࣌ሻ
డ࣌
ൌ ଷ
ଶ
ௗఌത
೛೗
ఙഥ
ࡿ ൌ ଷ
ଶ
 ௗఙഥ
௚ఙഥ
ࡿ   
:LWKLQWKHIUDPHZRUNRI)(0WKHZHDNIRUPXODWLRQRIWKHJRYHUQLQJHTXDWLRQVLVXVHG)RUGHWDLOHGGHULYDWLRQV
RIFRUUHVSRQGLQJHTXDWLRQVLWVKDOOEHUHIHUHGWRCardona>@RUWROLWHUDWXUHBathe >@Lindgren>@DQGRadaj>@
3.2. Finite Element Models  
+DUGQHVV PHDVXUHPHQWV )LJ  DE VKRZ WKDW ERWK EDVH PDWHULDOV H[KLELW VRIWHQLQJ ZKLOH ZHOGLQJ GXH WR
UHFU\VWDOOL]DWLRQRIWKHPLFURVWUXFWXUH7RPRGHOWKHPDWHULDO¶VVRIWHQLQJDPHWKRGRORJ\VLPLODUWROssenbrink>@LV
DSSOLHG LH WHPSHUDWXUH DQG SHDN WHPSHUDWXUH GHSHQGHQW IORZ FXUYHV DUH GLUHFWO\ XVHG IRU WKH PHFKDQLFDO
VLPXODWLRQV )LJ  F DQG FRXSOHG WR D QXPHULFDO DQQHDOLQJ SURFHGXUH 7KH PDWHULDO GDWD KDV EHHQ GHWHUPLQHG
H[SHULPHQWDOO\E\PHDQVRID*OHHEOHWHVWLQJPDFKLQHIRUFKDUDFWHULVWLFODVHUZHOGLQJKHDWLQJDQGFRROLQJUDWHV

)LJ6RIWHQLQJRIEDVHPDWHULDOV$ODQG&X(73ZKLOHODVHUEHDPZHOGLQJDPLFURJUDSKVEKDUGQHVVPHDVXUHPHQWVFH[FHUSWRI
WHPSHUDWXUHDQGSHDNWHPSHUDWXUHGHSHQGHQWIORZFXUYHVEHLQJGHWHUPLQHGRQD*OHHEOHWHVWLQJPDFKLQH
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)RUWKHUPDOVLPXODWLRQWKHUPRSK\VLFDOPDWHULDOGDWDLVLPSOHPHQWHGLQWRWKHQXPHULFDOPRGHO7KH)(PRGHOV
FRQWDLQWHPSHUDWXUHGHSHQGHQWPDWHULDOSURSHUWLHVIRUWKHUPDOFRQGXFWLYLW\KHDWFDSDFLW\DQGODWHQWKHDW$FRQVWDQW
FRQYHFWLYHKHDW WUDQVIHUFRHIILFLHQW LVDVVXPHGIRU WKHRXWHUVXUIDFHVZKLOHFRROLQJ7KH WKHUPRSK\VLFDOPDWHULDO
GDWDRIWKH$O&XRYHUODSMRLQWDUHGHULYHGEDVHGRQPLFURJUDSKVLHWKHDPRXQWRIPROWHQFRSSHUDUHDZLWKLQWKH
ZHOG VHDP UHJLRQ LV GHWHUPLQHG 7KH UHVXOWLQJ WKHUPDO FRQGXFWLYLW\ YDOXHV DUH REWDLQHG YLD OLQHDU LQWHUSRODWLRQ
EHWZHHQWKHEDVHPDWHULDOGDWDYDOXHV%RWKZHOGLQJSDUDPHWHUVLQ7DEIRU$O&XOHDGWRVLPLODUPROWHQDUHDV
WKHUHIRUHWKHVDPHWKHUPRSK\VLFDOPDWHULDOGDWDLVXVHG$GGLWLRQDOO\WKHUPDODQGPHFKDQLFDOFRQWDFWIRUPXODWLRQ
LVDSSOLHGIRUWKHQXPHULFDOPRGHOLQJRI$O&XRYHUODSMRLQWJDSRUSHQHWUDWLRQEHKDYLRU
7KHWHPSHUDWXUHILHOGLVUHFRQVWUXFWHGYLDKHDWVRXUFHPRGHOVVHH)LJ7KH)(PRGHOVIRU WKHEDVHPDWHULDO
DQG WKH $O&X RYHUODS MRLQW FDQ EH VHHQ LQ )LJ  7KH ERXQGDU\ FRQGLWLRQV DUH GHILQHG HTXLYDOHQW WR WKH
H[SHULPHQWDO IL[DWLRQV 7KH )(PRGHOV LQFOXGH WUDQVGXFHU SRVLWLRQV TP DVZHOO DV FKHFNSRLQWV P WR FRPSDUH
PHDVXUHGDQGQXPHULFDOO\GHWHUPLQHGZHOGLQJGLVWRUWLRQVDWGLVFUHWHSRLQWV

)LJ)LQLWH(OHPHQWPRGHOVIRUZHOGLQJVLPXODWLRQLHIRUFDUU\LQJRXWDVHTXHQWLDOO\FRXSOHGWKHUPRPHFKDQLFDO)(VLPXODWLRQD)(PRGHO
RIEDVHPDWHULDOVZLWKPHVKUHILQHPHQWLQKHDWDIIHFWHG]RQHDQGSRVLWLRQVRIGLVSODFHPHQWWUDQVGXFHUVTPWRTPE)(PRGHORI$O&X
RYHUODSMRLQWZLWKFKHFNSRLQWSRVLWLRQVPWRPIRUFRPSDULQJH[SHULPHQWDODQGQXPHULFDOZHOGLQJGLVWRUWLRQV
3.3. Approaches for Material Modeling of the Al-Cu Dissimilar Material Connections 
,QWKLVZRUNDSKHQRPHQRORJLFDOPDWHULDOPRGHOLQJDSSURDFKRQPDFURVFDOHLVFKRVHQWRVLPXODWHWKHPHFKDQLFDO
UHVSRQVHRI WKHGLVVLPLODUPDWHULDOFRQQHFWLRQV LQRYHUODS MRLQW7KHIRUPDWLRQRIEULWWOH LQWHUPHWDOOLFSKDVHV LVDW
ILUVWQHJOHFWHGDQGWKHUHIRUHQRWLQFOXGHG7KHJRDORIWKHVWXG\LVWRFRPSXWHZHOGLQJGLVWRUWLRQVPDLQO\DQGILQDOO\
WRFRPSDUHWKHPWRZHOGLQJH[SHULPHQWV

)LJ3DUDPHWHULGHQWLILFDWLRQDVFKHPHRISDUDPHWHULGHQWLILFDWLRQIRU$O&XRYHUODSMRLQWVKHDUWHVWLQJLQDGDSWLRQWR5HLJHU>@E'$O
&XVKHDUWHVWPRGHOFH[SHULPHQWDOGDWDEDVHRIVKHDUWHVWIRUFHGLVSODFHPHQWFXUYHVGH[HPSODU\UHVXOWRISDUDPHWHULGHQWLILFDWLRQSURFHVV
IRU$O&XRYHUODSMRLQWDWP :DQGv PPLQ
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$ JHQHULF PDWHULDO PRGHO DSSURDFK LV VHOHFWHG IRU WKH $O&X ZHOG VHDP VHFWLRQ EDVHG RQ WKH DSSURDFK RI
-RKQVRQ&RRN (T+HUHABCn DQGm DUHSKHQRPHQRORJLFDOPDWHULDOSDUDPHWHUVTPHOW DQGTWUDQV DUH WKH
PHOWLQJDQGWKHWUDQVLWLRQWHPSHUDWXUH7KHSDUDPHWHUYDOXHVRIWKH-RKQVRQ&RRNPRGHODUHGHWHUPLQHGLQYHUVHO\
YLDDSDUDPHWHU LGHQWLILFDWLRQSURFHVV)LJD7KH-RKQVRQ&RRNSDUDPHWHUVUHSUHVHQW WKHZHOGVHDPVHFWLRQ¶V
PDWHULDOSURSHUWLHVIRUWKHFRROHGGRZQVWDWHDIWHUZHOGLQJ6KHDUWHVWVRIWKHRYHUODSMRLQWVIRUPWKHH[SHULPHQWDO
GDWDEDVH IRU WKH SDUDPHWHU LGHQWLILFDWLRQ 7KH -RKQVRQ&RRN SDUDPHWHUV DUH FDOLEUDWHG WR WKH DVFHQGLQJ IRUFH
GLVSODFHPHQWFXUYHV)LJGE\XVLQJD'PRGHO\LHOGLQJWRHODVWRSODVWLFPDWHULDOGDWDIRUWKHZHOG

)LJ1XPHULFDOVKHDUWHVWVLPXODWLRQVRI$O$ORYHUODSMRLQWDWP :v PPLQRIIRUFHGLVSODFHPHQWFXUYHVWRYHULIL\WKHGHULYDWLRQRI
PDWHULDOSDUDPHWHUIRUWKHGLVVLPLODUPDWHULDOVHFWLRQDLQLWLDOVWUHVVIUHHPRGHOESUHVWUHVVHVPRGHOFGHIRUPDWLRQDWQXPHULFDOVKHDU
WHVWLQJGFRPSDULVRQRIH[SHULPHQWDODQGQXPHULFDOIRUFHGLVSODFHPHQWFXUYHVIRU$O$ORYHUODSVKHDUWHVWV
7KH SDUDPHWHU LGHQWLILFDWLRQ QHJOHFWV WKH UHVLGXDO VWUHVVHV FDXVHG E\ ZHOGLQJ 7KH DSSOLFDEOLWL\ RI WKH
PHWKRGRORJ\LVYHULILHGQXPHULFDOO\E\DGGLWLRQDO'$O±$ORYHUODSMRLQWVKHDUWHVWVLPXODWLRQV+HUHWKHWKHUPR
PHFKDQLFDOVLPXODWLRQKDVEHHQSHUIRUPHGSULRUWRWKHVKHDUWHVWVLPXODWLRQWKXVWDNLQJLQWRDFFRXQWUHVLGXDOVWUHVV
VWDWH7KHUHVXOWLQJFXUYHV)LJDUHFRPSDUHGWRH[SHULPHQWDO$O$OVKHDUWHVWV7KHFRPSDULVRQLQ)LJVKRZV
PLQRUGHYLDWLRQVEHWZHHQWKHWZRVLPXODWLRQFXUYHV,WFDQEHFRQFOXGHGWKDWUHVLGXDOVWUHVVHVKDYHPLQRULQIOXHQFH
ZKHUHDVQHJOHFWLQJGDPDJHPRGHOLQJFDQH[SODLQZK\KLJKHUGHYLDWLRQVWRWKHH[SHULPHQWDOUHVXOWVRFFXU
9DOLGDWLRQRIWKH)LQLWH(OHPHQW0RGHOVIRU:HOGLQJ6LPXODWLRQ
4.1. Validation of the Base Material Models 
+HDW VRXUFHPRGHOV DUH FDOLEUDWHG XVLQJPLFURJUDSKV RI WKH EDVHPDWHULDOVZHOG VHDP FURVV VHFWLRQ DUHD DQG
DGGLWLRQDOWKHUPRFRXSOHPHDVXUHPHQWV)LJ)RU$ODFRPELQDWLRQRIWKHFRQLFDODQGGRXEOHHOOLSVRLGDOKHDW
VRXUFHVLVDSSOLHGZKHUHDVIRU&X(73RQO\WKHFRQLFDOVRXUFHLVXVHG

)LJ+HDWVRXUFHPRGHOFDOLEUDWLRQRQWKHH[DPSOHRI$ODFRPSDULVRQRIFRPSXWHGSHDNWHPSHUDWXUHVDQGIXVLRQOLQHEFRPSDULVRQ
RIH[SHULPHQWDOO\DQGQXPHULFDOO\GHWHUPLQHGWHPSHUDWXUHF\FOHVEDVHGRQWKHUPRFRXSOHPHDVXUPHQWV
1410   Udo Hartel et al. /  Physics Procedia  83 ( 2016 )  1404 – 1414 
2QEDVLVRIWKHWHPSHUDWXUHILHOGUHVXOWVZHOGLQJGLVWRUWLRQVDUHFRPSXWHGLQDVXEVHTXHQWPHFKDQLFDODQDO\VLV
7KHZHOGLQJGLVWRUWLRQVDUHFRPSDUHGDWWKHGLVSODFHPHQWWUDQVGXFHUSRVLWLRQVTPDQGTPVHH)LJDQG7KH
VWUHVVVWUDLQGDWDDFFRUGLQJWR)LJLVLPSOHPHQWHGIRUWKHEDVHPDWHULDO)(PRGHOV


)LJ&RPSDULVRQRIWUDQVGXFHUGLVSODFHPHQWVDQG)(UHVXOWVIRU$ODWP :DQGv PPLQDZHOGLQJGLVWRUWLRQLQWUDQVYHUVH
GLUHFWLRQSRVLWLRQTPEZHOGLQJGLVWRUWLRQLQORQJLWXGLQDOGLUHFWLRQSRVLWLRQTP

)LJ&RPSDULVRQRIWUDQVGXFHUGLVSODFHPHQWVDQG)(UHVXOWVIRU&X(73DWP :DQGv PPLQDZHOGLQJGLVWRUWLRQLQWUDQVYHUVH
GLUHFWLRQSRVLWLRQTPEZHOGLQJGLVWRUWLRQLQORQJLWXGLQDOGLUHFWLRQSRVLWLRQTP
%HVLGHVH[SHULPHQWDOYDOLGDWLRQE\PHDQVRIZHOGLQJGLVWRUWLRQV DGGLWLRQDOPHDVXUHPHQWVRI UHVLGXDO VWUHVVHV
DQGWH[WXUHVDUHSHUIRUPHG;UD\GLIIUDFWLRQPHDVXUHPHQWVDUHFRQGXFWHGDWWKUHHGLIIHUHQWSRVLWLRQVRQWKHVKHHW
PHWDOVSHFLPHQV2ULHQWDWLRQGLVWULEXWLRQIXQFWLRQV2')DUHGHWHUPLQHGRQEDVLVRIWKUHHLQFRPSOHWHSROHILJXUHV
SHUPHDVXULQJSRVLWLRQ7KLV GDWD LV XVHG WR HYDOXDWH WKH UHVLGXDO VWUHVV VWDWH DFFXUDWHO\ZLWK UHVSHFW WR H[LVLWLQJ
WH[WXUHV)LJD


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
)LJ;UD\UHVLGXDOVWUHVVPHDVXUHPHQWDSROHILJXUHVEDFNFDOFXODWHGIURP2')IRU$OVKHHWPHWDOVSHFLPHQDWWUDQVYHUVHSRVLWRQV
PPDQGPPIURPWKHZHOGVHDPFHQWHUOLQHELQSODQHGLVWULEXWLRQRIHIIHFWLYH<RXQJ¶V0RGXOXV
)RU WKH HYDOXDWLRQ RI WKH UHVLGXDO VWUHVVHV DOVR LQFOXGLQJ LQIRUPDWLRQV RI WKH WH[WXUHV WKH VLQȥPHWKRG
MacherauchDQGMüller>@DQGWKHFU\VWDOOLWHJURXSPHWKRG&*VHHHaukDQGVaessen>@LVXVHGWRGHWHUPLQH
ORQJLWXGLQDOUHVLGXDOVWUHVVHVVLQȥPHWKRGVHHPVWREHDSSOLFDEOHGXHWRWKHUHODWLYHKRPRJHQHRXVGLVWULEXWLRQRI
HJ<RXQJ¶V0RGXOXVDVFDQEHVHHQLQ)LJE
7KHUHVXOWVRIWKHUHVLGXDOVWUHVVPHDVXUHPHQWVLQORQJLWXGLQDOGLUHFWLRQDWWUDQVYHUVHGSRVLWLRQVRIWKHVSHFLPHQV
DUHVKRZQLQ)LJ7KHPHDVXUHPHQWVDUHFRPSDUHGWRVLPXODWLRQUHVXOWV


)LJ&RPSDULVRQRIQXPHULFDODQGH[SHULPHQWDOGHWHUPLQHGORQJLWXGLQDOUHVLGXDOVWUHVVHVRIEDVHPDWHULDOVD$OE&X(73
4.2. Comparison of Experimental and Numerical Results for Al-Cu Overlap Joints 
&RPELQDWLRQVRIPXOWLSOH FRQLFDO DQG HOOLSVRLGDO KHDW VRXUFHV IRU WKH WHPSHUDWXUH ILHOG DQDO\]HVRI WKH$O&X
RYHUODSMRLQWVDUHDSSOLHG8VLQJ)(VXEPRGHORIWKHMRLQWVVKRUWHQVWKHVLPXODWLRQWLPHIRUWKHFDOLEUDWLRQSURFHVV
)LJ  D 7KH FDOLEUDWLRQ UHVXOWV DUH FURVVFKHFNHG RQ WKH EDVLV RI WHPSHUDWXUH FXUYHV IRU WHPSHUDWXUH ILHOG
DQDO\VLVUHJDUGLQJWKHFRPSOHWH$O&XRYHUODSMRLQWPRGHO)LJE
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
)LJ$O&XRYHUODSMRLQWWHPSHUDWXUHILHOGDQDO\VLVD)(VXEPRGHOXVHGIRUFDOLEUDWLRQRIKHDWVRXUFHVZLWKWKHUPRFRXSOHSRLQWVTCWR
TCEFURVVFKHFNLQJRIFDOLEUDWLRQUHVXOWVRQWKHEDVLVRIWKHFRPSOHWH$O&XRYHUODSMRLQWPRGHOFRPSDULVRQRIWHPSHUDWXUHF\FOHV

)LJ5HVXOWVRIKHDWVRXUFHPRGHOFDOLEUDWLRQIRUWKH$O&XRYHUODSMRLQWFRQILJXUDWLRQVD$O&XDWP :DQGv PPLQE$O&XDW
P :DQGv PPLQ
7KHUHVXOWVRIWKH$O&XKHDWVRXUFHPRGHOVFDOLEUDWLRQIRUWZRGLIIHUHQWZHOGLQJSDUDPHWHUVFDQEHVHHQLQ)LJ
)LJSUHVHQWVWKHFRPSDULVRQRIWKHH[SHULPHQWDODQGQXPHULFDOGHWHUPLQHGSHDNWHPSHUDWXUHVZLWKUHVSHFWWR
WKHUPRFRXSOHPHDVXUHPHQWSRVLWLRQV
:KLOHKHDWLQJXSWKHVWUXFWXUDOEHKDYLRULVJRYHUQHGE\WKH$OSURSHUWLHVZKHUHDVIRUWKHFRROLQJSKDVHRI
WKHPHFKDQLFDODQDO\VLVHODVWRSODVWLFPDWHULDOSDUDPHWHUVDUHWDNHQLQWRDFFRXQWEHLQJGHWHUPLQHGE\WKH-RKQVRQ
&RRNDSSURDFKRQEDVLVRIVKHDUWHVWGDWD7KLV\LHOGVWRHVWLPDWHVIRUWKHPDWHULDOSDUDPHWHUVRIWKHKHWHURJHQHRXV
FRQQHFWLRQ 6LQFH DSSUR[LPDWHO\  DUHD IUDFWLRQ RI &X(73 EHLQJ GLVVROYHG LQ WKH ZHOGLQJ WKH WKHUPDO
H[SDQVLRQFRHIILFLHQWRI$O LVFRQVLGHUHGRQO\)LJDQGVKRZ WKHFRPSDULVRQRI WKHH[SHULPHQWDODQG
QXPHULFDOGHWHUPLQHGZHOGLQJGLVWRUWLRQVLQ[DQG\GLUHFWLRQDWWKHFKHFNSRLQWVPDQGPIRUWKH$O&XRYHUODS
MRLQWVHWXSDWWZRGLIIHUHQWZHOGLQJSDUDPHWHUV7KHGLVWRUWLRQVDUHGHWHUPLQHGYLDWKHRSWLFDOPHDVXUHPHQWV\VWHP
$5$0,6




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

)LJ&RPSDULVRQRIRSWLFDOPHDVXUHGDQGQXPHULFDOGHWHUPLQHGZHOGLQJGLVWRUWLRQVIRU$O&XRYHUODSMRLQWD3 :Y PPLQD
ZHOGLQJGLVWRUWLRQVLQ[DQG\GLUHFWLRQDWSRLQWPEZHOGLQJGLVWRUWLRQVLQ[DQG\GLUHFWLRQDWSRLQWP



)LJ&RPSDULVRQRIRSWLFDOPHDVXUHGDQGQXPHULFDOGHWHUPLQHGZHOGLQJGLVWRUWLRQVIRU$O&XRYHUODSMRLQWDP :v PPLQD
ZHOGLQJGLVWRUWLRQVLQ[DQG\GLUHFWLRQDWSRLQWPEZHOGLQJGLVWRUWLRQVLQ[DQG\GLUHFWLRQDWSRLQWP
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7KHXQFHUWDLQW\RIWKHRSWLFDOPHDVXUHPHQWV\VWHPLVLQWKHUDQJHRIP7KLVUDQJHLVLQGLFDWHGLQ)LJDQG
E\JUH\VHFWRUV'HVSLWHVWKHDVVXPSWLRQPDGHLHXVLQJPDWHULDOSDUDPHWHUEHLQJFDOLEUDWHGRQVKHDUWHVWVGDWD
SRVWXODWHGWHPSHUDWXUHGHSHQGHQW\LHOGVWUHQJWKDQGWDNLQJLQWRDFFRXQWRQO\WKHWKHUPDOH[SDQVLRQFRHIILFLHQWRI
$OWKHFRPSDULVRQRIQXPHULFDODQGH[SHULPHQWDOUHVXOWVVKRZDFFHSWDEOHGHYLDWLRQV
6XPPDU\
,Q WKLVSDSHUDPHWKRGRORJ\ZDV LQWURGXFHG WR LQYHVWLJDWH WKHVWUXFWXUDOEHKDYLRURI ODVHUEHDPZHOGHG$O&X
MRLQWV)LUVW WKHPDWHULDOPRGHOVRI WKHKRPRJHQHRXVEDVHGPDWHULDOVKDYHEHHQYDOLGDWHGE\PHDQVRIGLVWRUWLRQV
GDWDDQGPHDVXUHPHQWVRIWKHORQJLWXGLQDOUHVLGXDOVWUHVVVWDWH$FRPSDULVRQWRH[SHULPHQWDOUHVXOWVVKRZHGJRRG
DJUHHPHQW IRU WKH EDVH PDWHULDOV $O DQG &X(73 1H[W PDWHULDO SDUDPHWHUV IRU WKH $O&X KHWHURJHQRXV
GLVVLPLODUPDWHULDOFRQQHFWLRQVIRUZHOGLQJVLPXODWLRQZHUHGHULYHGRQPDFURVFDOH7KHUHIRUHDJHQHULFPDWHULDO
PRGHODSSURDFKZDVDSSOLHGEDVHGRQWKH-RKQVRQ&RRNDSSURDFK(ODVWRSODVWLFPDWHULDOGDWDKDVEHHQGHULYHGE\
VKHDUWHVWVH[SHULPHQWV7KHILQDOFRPSDULVRQWRRSWLFDOPHDVXUHPHQWRIZHOGLQJGLVWRUWLRQVIRUWZR$O&XRYHUODS
MRLQWZHOGLQJSDUDPHWHUVVKRZDFFHSWDEOHGHYLDWLRQV
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